ABSTRACT The large errors in the locations of gamma-ray bursts observed by the Bursts and Transient Source Experiment (BATSE) forces one to adopt statistical comparisons of the burst catalog to models of burst isotropy to determine if bursts are repeating or clustered. In the rst BATSE catalog 1 , a nearest neighbor analysis nds a deviation from isotropy. 2 In a recent article 3 It was shown that known instrumental e ects cannot produce signi cant small scale anisotropies. It was also shown that burst repeater models can produce the observe anisotropies. In this paper we examine in more detail repeater burst models. We also show that nearest and farthest neighbor analyses of more recent bursts fail to nd signi cant small scale clustering.
INTRODUCTION
A nearest neighbor analysis 2 of the rst BATSE Gamma-Ray Burst Catalog 1 nds a maximum deviation from the isotropic nearest neighbor cumulative distribution of 2% statistical signi cance. 3 This contradicts an earlier analysis that examines the average value of the nearest neighbor separation and nds no signi cant deviation from isotropy. 4 The question arises whether the result of the rst named analysis is a consequence of statistical uctuations or of either instrumental or physical processes. The authors of one article 5 assert that the deviation must be of instrumental origin, because a similar farthest neighbor analysis of the rst Catalog nds a maximum deviation from the isotropic cumulative distribution of 11% signi cance, which they regard as statistically signi cant and unphysical.
In a recent article 3 it was shown that there are no systematic e ects that can produce a deviation of the magnitude seen in the data. The e ect of the blockage of the sky by the earth produces a maximum deviation of D = 0:006 from the isotropic cumulative distribution, which is much smaller than the D = 0:12 deviation of the First Catalog. While one might expect a small angle anisotropy from the ux dependence of the sky map to introduce a deviation, we nd from Monte Carlo simulation that the maximum deviation from the isotropic cumulative distribution is D = 0:01 without any spacecraft reorientations and < 10 ?3 with the reorientations experienced by the Compton Gamma-Ray Observatory (CGRO). Moreover, performing the nearest and farthest neighbor analyses in the spacecraft coordinate frame produces maximum deviations of 50% signi cance. If the deviation in the First Catalog is nonstatistical, it must have a physical origin.
The suggestion of Lamb and Quashnock 2 that repeating burst sources are responsible for the nearest neighbor results is not invalidated by the farthest neighbor analysis. 3 In fact, if repeating burst sources are con ned to the galactic plane, the resulting nearest and farthest neighbor distributions agree with the First Catalog distributions without violating the limits on the dipole and quadrupole moments.
In this paper we discuss disk con ned repeater models in more detail, presenting their nearest and farthest neighbor cumulative distributions. We also present nearest and farthest neighbor analyses of a recent set of 260 gamma-ray bursts; the results are consistent with an isotropic distribution of bursts.
BURST MODELS
The nearest neighbor of a given burst is primarily determined by the local density of bursts on the sky. The magnitude of the density uctuations therefore determines the shape of the cumulative distribution. On the other hand, both the magnitude and topology of density uctuations strongly a ect the farthest neighbor cumulative distribution. This implies that the farthest neighbor distribution is much more model dependent than the nearest neighbor distribution.
Two simple models illustrates this point. 
The isotropic nearest and farthest cumulative distributions ( = 1=2) equal 1=2 when 1 ? cos = 2N ln 2. For this value, F n > 1=2 and F f < 1=2 for all 6 = 1=2. Now consider a second model in which N=2 bursts are distributed on one half of the upper hemisphere and the same number of bursts are distributed on the geometrically opposed half of the lower hemisphere. The remaining two half-hemispheres have (1 ? ) N=2 bursts apiece. In this model the nearest and farthest cumulative distributions are both given by equation (1), proving the importance of the topology of density variations. These simple models illustrate a second point: the nearest neighbor cumulative distribution lies above the isotropic distribution for small vales of 1?cos , but the farthest neighbor distribution can lie on either side of the isotropic distribution. However, the magnitude of the deviation from isotropy of the nearest neighbor distribution also depends on the density gradient, for must be less than 0:15 to produce a deviation as large as in the left hand plot of Figure 1 . This e ect disappears as N increases.
The source of the anisotropy also determines whether the deviation of the cumulative distribution from the isotropy distribution changes as the number of bursts increases. If the anisotropy arises from the presence of a disk component, then the anisotropy persists. If repeating sources produce the anisotropy through local density enhancements over a location error angular scale, then the cumulative distributions should go to the isotropic distribution as the number of bursts increases beyond the point where the location errors about each repeating source overlaps with adjacent repeating sources. Figure 1 demonstrates the dependence of the cumulative distribution on the sample size. As a consequence, a statistical search for repeaters should use consecutive sets of bursts with a xed number of bursts in each set. Figure 1 shows that isotropically distributed repeating sources produce a farthest neighbor cumulative distribution that falls below the isotropic distribution. If the repeaters are con ned to the galactic plane, as in Figure 2 , the farthest neighbor cumulative distribution can fall above the isotropic distribution. The model used in Figure 2 has two components, with one component an isotropically distributed set of single burst sources and the second component a set of multiply bursting sources con ned to the galactic plane. Such models can reproduce the nearest neighbor distribution of the First BATSE Catalog RECENT RESULTS AND CONCLUSIONS The Kolmogorov-Smirnov statistic for the nearest neighbor distribution from the First BATSE Catalog 3 of 260 bursts is N 1=2 D = 1:86, which has a 2% signi cance. A farthest neighbor analysis gives N 1=2 D = 1:56, which has an 11% signi cance. 5 These values are consistent with both a statistical origin and a physical origin.
A more recent ensemble of 260 gamma-ray bursts disjoint from the rst catalog shows no evidence for anisotropy. Their nearest and farthest neighbor cumulative distributions are given in gure 3. The maximum deviation of the nearest neighbor cumulative distribution is below the isotropic cumulative dis- Figure 3 . The nearest and farthest neighbor cumulative distributions: recent gamma-ray burst sample. A set of 260 gamma-ray bursts is selective by dropping all gamma-ray bursts with locations by the BATSE data type MAX-BC from the set of triggers between 1819 and 2494 inclusive (GRB920814b to GRB930817). These bursts will be part of the 2B and 3B gamma-ray burst catalogs. The lines are de ned as in Fig. 1 . tribution, and gives N 1=2 D = 0:77, with signi cance 83%. The farthest neighbor distribution has N 1=2 D = 0:85, with signi cance 75%. Again the maximum deviation is below the isotropic cumulative distribution. This provides no support for the belief that the deviation found in the rst catalog has a physical origin.
